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7KHVH2)6DUHDEOH WRPHDVXUH WKHFKDQJHRID VSHFLILFSDUDPHWHU PHDVXUDQGDORQJ WKHZKROH ILEHU WUDQVGXFHU
ZKLFK LV DOZD\V FRQVLVWLQJ RI D IXVHG VLOLFD 6L2+HQFH WKH LQWHUDFWLRQ EHWZHHQ VLOLFD DQG DQ HOHFWURPDJQHWLF
ZDYH JHQHUDWH YDULDWLRQV LQ WKHPROHFXODU VWUXFWXUH RI WKHϐଵ଴&ODVVLFDOO\ WKH LQFLGHQW OLJKWZDYH JHQHUDWHV
DFRXVWLF ZDYHV RZLQJ WR WKH HOHFWURVWULFWLRQ HIIHFW ,Q VLOLFD RSWLFDO ILEHUV WKH PRVW LPSRUWDQW HIIHFWV DUH WKH
QRQOLQHDU SKHQRPHQRQ 6WLPXODWHG %ULOORXLQ VFDWWHULQJ 6%6 VWLPXODWHG 5DPDQ VFDWWHULQJ 656 DQG WKH .HUU
HIIHFWDUHWKHWKUHHIDPRXVQRQOLQHDUଶ6RIDU5DPDQVFDWWHULQJSKHQRPHQDKDYHZLGHO\EHHQXVHGLQ6+0
FKHPLVWU\ PDWHULDOV HQJLQHHULQJ DQG SK\VLFV IRU UHVHDUFK RQ WKH QDWXUH RI LQWHUDFWLRQV DQG SURSHUWLHV RI
VHPLFRQGXFWRUV'XULQJWKHODVWGHFDGHWKHLQWHUHVW LQWKHVWLPXODWHG5DPDQVFDWWHULQJDQGRWKHUQRQOLQHDURSWLFDO
SKHQRPHQD KDV VLJQLILFDQWO\ LQFUHDVHG ZLWK WKH GHYHORSPHQW RI RSWLFDO ଵଶ 7KH 5DPDQ
GLVWULEXWHGWHPSHUDWXUHVHQVRU5'76EDVHGRQVSRQWDQHRXV656LVRQHRIWKHKLJKWHFKHTXLSPHQWVIRUUHDOWLPH
PHDVXULQJWKHVSDWLDOGLVWULEXWLRQRIWHPSHUDWXUHZKLFKKDVEHHQPRVWO\XVHGDQGLQYHVWLJDWHGLQUHFHQWସ,Q
WKLV SDSHU ZH KLJKOLJKW KRZ ZH FDQ XVH 656 WR WDNH D WHPSHUDWXUH¶V PHDVXUHPHQW DORQJ RSWLFDO ILEHU ,Q WKH




'LVWULEXWHG ILEHU RSWLF VHQVRUV LV XVHG WR PRQLWRU WKH YDULDWLRQ RI DHURVSDFH DQG FLYLO VWUXFWXUDO FRQGLWLRQV WKH
VHQVLQJOHQJWKYDULHVIURPPHWHUVWRRYHUNP*HQHUDOO\DGLVWULEXWHGVHQVRUFDQUHSODFHPDQ\SRLQWଵଷ
5HFHQWO\ WKHGLVWULEXWHGILEHURSWLFDO WHPSHUDWXUHPHDVXUHPHQWV\VWHPKDVEHHQZLGHO\XVHG IRUPHDVXUHPHQWRI
UHDOWLPHVSDFHWHPSHUDWXUHGLVWULEXWLRQ2)LVDWUDQVPLVVLRQPHGLXPDVZHOODVDVHQVRU:HUHPHG\RSWLFDOWLPH













527'5V\VWHPVIRUGLVWULEXWHG WHPSHUDWXUHPHDVXUHPHQWVKDYHDVKRUW ODVHUSXOVH LQMHFWHG LQWR WKHRSWLFDO ILEHU
7KHVSOLWWHUQDPHGDOVRFRXSOHULQRXUFDVHLVDGHYLFHFRQQHFWLQJDVLJQDOHQWHUHGWRWZR,WPDNHVLWSRVVLEOHWKH
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7KH EDVLF SULQFLSOH RI2SWLFDO 6HQVRU LV EDVHG RQ RSWLFDO 7LPHGRPDLQ UHIOHFWRPHWU\ 27'5 LQYROYLQJ WLPH RI
WHPSHUDWXUH¶V PHDVXUHPHQW LQ FRQMXQFWLRQ ZLWK 5DPDQ VFDWWHULQJ LQ ZKLFK VHQVLQJ ILEHU LV FRXSOHG WR VKRUW
LQWHUURJDWLQJODVHUSXOVHVDQGWKHEDFNVFDWWHUHGRSWLFDODQWL6WRNHVDQG6WRNHVFRPSRQHQWVDUHPRQLWRUHGIRUVLJQDO





,Q DQ RSWLFDO ILEHU 656 LV DQ LQHODVWLF SURFHVV ZKHUH D SKRWRQ RI WKH SXPS RSWLFDO VLJQDO LQFLGHQW VWLPXODWHV











7KHILQDOHQHUJ\VWDWHRI5DPDQ6WRNHV VFDWWHULQJ LVKLJKHU WKDQ WKDWRI WKH LQLWLDOVWDWH7KH5DPDQ6WRNHVZDYH


















:KHUHο(   K ୱ െ ୮ሻ LV WKH 5DPDQ HQHUJ\ VKLIW ୱ LV VFDWWHUHG  ZDYHOHQJWK୮ SXPS¶V ZDYHOHQJWK K
3ODQFN¶VFRQVWDQWDQGN LV WKH%ROW]PDQQFRQVWDQW7RFKHFN WKHGHSHQGHQFHRI WKHVHHTXDWLRQVVWRNHVDQGDQWL
VWRNHVRFFXSDWLRQWRWHPSHUDWXUHFKDQJH7RYDOLGDWHHTXDWLRQVDQGZHFKRVHWRUHSUHVHQWWKH5DPDQVWRNHV
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:KHUH $  Kǻ .7 DQGǻWKH 5DPDQ IUHTXHQF\ VKLIW H[SUHVVHG LQହ«7KH LQWHQVLW\ RI 5DPDQ DQWL
6WRNHV ZDYH LV VWURQJO\ GHSHQGHQW WR WHPSHUDWXUH ZKLOH WKH LQWHQVLW\ RI WKH 6WRNHV ZDYH LV QRW DIIHFWHG E\ D
WHPSHUDWXUHFKDQJH,QIDFWWKHLQWHQVLW\RIWKH5DPDQOLQHVLVSURSRUWLRQDOWRWKHLQLWLDOOHYHORIWKHSXPSLQWHQVLW\






7KH WHPSHUDWXUHRI WKHRSWLFDO ILEHU VHQVRU]RQH IRUZKLFK5DPDQDQWL6WRNHV ,$6DQG6WRNHV ,67 LQWHQVLWLHV
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KDYH EHHQ PHDVXUHG FDQ EH IRXQG IURP UDWLR 5$7,2 RI WKHVH WZR LQWHQVLWLHV ,W¶V H[SUHVVHG E\ WKH
IROORZLQJହ
ሺሻ ൌ  ୟୱሺሻୱሺሻ 

ሺሻ ൌ ୟୱୱ כ  ൬െ
 כ ȟ
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WHPSHUDWXUH FKDQJHV 6R WKH GLIIHUHQFH EHWZHHQ H[SHULPHQWDO DQG WKHRUHWLFDO YDOXHV RI5$7,2 H[LVWVଷ
)LJVKRZVWKDWDWKLJKHUWHPSHUDWXUH!&YDOXHVRI5$7,2DUHPRUHVHQVLEOH
7DEOH9DOXHVRISDUDPHWHUVXVHGLQ6LPXODWLRQV
6\PERO 3DUDPHWHU 9DOXH 8QLW
. %ROW]PDQQ¶VFRQVWDQW ȋ ͳͲିଶଷ -.
+ 3ODQFN¶VFRQVWDQW ȋ ͳͲିଷସ -V
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%RWKDQWLVWRNHVDQGVWRNHVVFDWWHULQJDUHWHPSHUDWXUHGHSHQGHQWZLWKGLIIHUHQWSURSULHWLHV&ODVVLFDOO\WHPSHUDWXUH
YDULDWLRQLVQHJOLJLEOHLQWKHPHDVXUHPHQWWLPHVRLW LVDVVXPHGWKDW7LVIXQFWLRQRI]ଵ+HDWH[FKDQJHLVD
VORZSURFHVV LQ656 VR WR ILQG WKH WHPSHUDWXUHYDULDWLRQ DORQJRSWLFDO ILEHUZHJHQHUDOO\XVH WKH UDWLR5]WRI
VWRNHV DQG DQWLVWRNHV LQWHQVLW\ +HQFH XVLQJ WKH IROORZLQJ HTXDWLRQ HT ZH GHGXFH WHPSHUDWXUH YDOXHV DORQJ
RSWLFDOILEHU
5]7 ሺ ఒೞఒಲೞሻ
ସH[S ௛௱ఔ௞כ்ሺ௭ሻ ׬ ሺߙ஺௦
௭
଴ ሺߦሻߙ௦ሺߦሻሻ݀ȟ























7KH VHQVLQJ UDQJH RI WKH 5DPDQ 27'5 VHQVRUV LV W\SLFDOO\ OLPLWHG EHWZHHQ P NP 7KLV VHQVLQJ OHQJWK
OLPLWDWLRQLVGXHLQODUJHSDUWWRILEHUORVVDQGILEHULQWHUPRGDOGLVSHUVLRQLIPXOWLPRGHILEHULVXVHGDVWKHVHQVLQJ
ILEHU7KXVDQRWKHUIDFWRUDIIHFWLQJWKH5DPDQ27'5UDQJHLVWKHUHSHWLWLRQUDWHRIWKHSXPSODVHUKRZHYHUWKLV
FDQ EH PRGLILHG ZLWK PRGXODWLRQ HLWKHU LQWHUQDO RU H[WHUQDO WR WKH SXPS ODVHU 7KH XVH RI PXOWLPRGH ILEHUV WR
PHDVXUH WHPSHUDWXUH LV FRPPRQ ,QGHHG WKHVH ODVW DUH OHVV VXVFHSWLEOH WR EHQGLQJ DQG DOORZ IRU EHWWHU VLJQDO WR
QRLVHUDWLRVWKHWHPSHUDWXUHPHDVXUHPHQWVDUHPRUHଽ
7RGHGXFH WKHHIIHFWRIGLVWDQFHYDULDWLRQ LQ WHPSHUDWXUH¶VPHDVXUHPHQWZHXVH WKH5DPDQVFDWWHULQJFRPELQHG
ZLWK27'5V\VWHP:HVHOHFWHGGLIIHUHQWSRLQWRIPHDVXUHPHQWG]LQWKHRSWLFDOILEHUWKHUDWLRVWRNHVDQWLVWRNHV
LV IL[HG WR ZH YDULHG DOVR WKH IUHTXHQF\ RI SXPS VLJQDO DV D UHVXOWVZH VKRZ WKDW YDOXHV RI WHPSHUDWXUH
YDULHG VOLJKWO\ 7KH GLVWULEXWHG VHQVRU DSSOLHG WR 5DPDQ PHDVXUHPHQWV LV YHU\ VHQVLEOH WR WKH IOXFWXDWLRQV RI
























































ୖ ൌ ୮ െ ୱ
$SSOLFDWLRQVRI5DPDQGLVWULEXWHGVHQVRU
'LVWULEXWHG VHQVRUV RIIHU DQ DGYDQWDJH RYHU SRLQW VHQVRUV IRU JOREDO WHPSHUDWXUH PHDVXUHPHQWV )RU ODUJH VFDOH
VWUXFWXUHV WKH QXPEHU RI WKLV GLVWULEXWHG VHQVRUV QHHGHG WR JHQHUDWH FRPSOHWH WHPSHUDWXUH LQIRUPDWLRQ LV
YHU\ଵଷ8QWLOQRZ5'76LVPDLQO\XVHGWRGHWHFWWHPSHUDWXUHLQIRUPDWLRQVRLWKDVEHHQHPSOR\HGLQDZLGH
UDQJHRIDSSOLFDWLRQହ
7KHVH DSSOLFDWLRQV RIIHU UHDO PHDVXUHPHQWV DQG LQFOXGH VWUXFWXUH PRQLWRULQJ OHDNDJH GHWHFWLRQ DSSOLFDWLRQV LQ
0LQHVRLODQGJDVILUHGHWHFWLRQVHFXULW\DQGSRZHUOLQHVPRQLWRULQJ«
6+0
7KH XVH RI 5'76 LV D SURPLVLQJ PHDVXUHPHQW WHFKQRORJ\ IRU 6WUXFWXUDO +HDOWK 0RQLWRULQJ 6+0 VXFK WKH
SRVVLELOLW\RIFRQWLQXRXVPRQLWRULQJRIWHPSHUDWXUHDORQJRSWLFDOILEHU
6+0 RIIHUV D UHDO WLPH WHPSHUDWXUH SURILOHV LQ FDEOH WUD\V WXQQHOV DQG VSHFLDO KD]DUGRXV ]RQHV DQG RIIHU
DXWRPDWLFDOO\WULJJHUHGଵହ7KXVUHDOPHDVXUHPHQWVFDQEHXVHGWRUHYHDOWKHJOREDOEHKDYLRURIDVWUXFWXUH
UDWKHU WKDQH[WUDSRODWLRQIURPD IHZSRLQWଵଷ&RQWLQXRXVKHDOWKPRQLWRULQJVHQVRUV ODLGDORQJ WKH
FRQFUHWH VWUXFWXUHV FRXOG LQGLFDWH LQFLSLHQW GDPDJHV GLIILFXOW WR SLFN XS E\ KXPDQ LQVSHFWLRQ OHDGLQJ WR
FDWDVWURSKLFଵହ
/HDNDJH'HWHFWLRQ
































$XWRPDWLF ILUH GHWHFWLRQ LV DQ LQWHUHVWLQJ WRSLF WR SUHYHQW DVVHW GDPDJH DQG KXPDQ FDVXDOW\ )LUH GHWHFWLRQ LV D
V\VWHPEDVHGRQRSWLFDOVPRNHGHWHFWRULRQL]DWLRQGHWHFWRULQIUDUHGRUXOWUDYLROHWIODPHGHWHFWLRQHWF2QHRIWKH
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